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(57) ABSTRACT

A liquid crystal device 1 has liquid crystal 110 provided
between a counter substrate 2a and a color filter substrate 2b.
The liquid crystal device 1 has a pixel region 100, a first
peripheral region 101 surrounding this pixel region 100, and
a second peripheral region 102 surrounding the first periph-
eral region 101. In the first peripheral region 101, a color
layer 120 1s disposed which 1s formed of the same color
material as that for a reflective blue color layer 150B
disposed 1n the pixel region 100. In the second peripheral
region 102, a laminate film 140 composed of color layers
140B, 140R, and 140B 1s disposed, these color layers
described above being formed of the same color materials as
those for a non-reflective blue color layer 160B, a non-
reflective red color layer 160R, and a non-reflective green
color layer 160G, respectively.

15 Claims, 17 Drawing Sheets
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FIG. 8
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COLOR FILTER SUBSTRATE,
ELECTROOPTIC DEVICE AND
ELECTRONIC APPARATUS, AND METHODS
FOR MANUFACTURING COLOR FILTER
SUBSTRATE AND ELECTROOPTIC DEVICE

TECHNICAL FIELD OF THE INVENTION

The present invention relates to color filter substrates for
use 1n electrooptic devices performing color display, to
electrooptic devices and electronic apparatuses, both using
the color filter substrates, and to methods for manufacturing
a color filter substrate and an electrooptic device.

DESCRIPTION OF THE RELATED ART

An active matrix color liquid crystal device using switch-
ing eclements, which 1s one example of an electrooptic
device, 1s formed of liquid crystal used as an electrooptic
material provided between a color filter substrate and a
counter substrate opposing thereto.

In liquid crystal devices using, for example, TFD (Thin
Film Diode) elements as a switching element, a plurality of
line wires arranged in a stripe pattern are disposed on the
counter substrate, and pixel electrodes are connected to the
line wires via the TFD elements. In addition, on the color
filter substrate, a plurality of electrodes arranged in a stripe
pattern are provided so as to perpendicularly intersect the
line wires on the counter substrate and to oppose the pixel
clectrodes. Furthermore, on the color filter substrate, red
color layers (R), blue color layers (B), and green color layers
(G) are disposed for performing color display. In this type of
liquid crystal device, each point at which the pixel electrode
and the electrode on the color filter substrate intersects each
other forms one dot, and one of picture elements R, G, and
B 1s disposed for each dot thus formed. Three color dots R,
G and B form one unit functioning as one pixel.

Heretofore, a shading region made of a metal film 1s
provided to surround a pixel region in which the pixels are
formed, so that the periphery of the pixel region 1s darkened,
that 1s, the light transmittance 1s decreased. Accordingly, the
contrast of the pixel region 1s enhanced, and the display
quality 1s improved thereby.

However, 1in the liquid crystal devices having the structure
described above, since it 15 not necessary to dispose the color
layers R, G, and B in the shading region which has no
contribution to display performance, the change 1n thickness
becomes large 1n the vicinity of the boundary between the
pixel region and the shading region. Accordingly, the change
in cell gap becomes large 1n the vicinity of the boundary
between the pixel region and the shading region, resulting in
orientation defect of the liquid crystal in the peripheral
region of the display screen. As a result, shading cannot be
sufliciently performed only by the metal film, and a problem
occurs 1n that the display quality 1s degraded.

The present mvention was made to solve the problem
described above, and an object of the present invention 1s to
provide a color filter substrate which has high display
quality obtained by superior shading properties at the
periphery of a display screen; an electrooptic device and an
clectronic apparatus; and methods for manufacturing a color
filter substrate and an electrooptic device.

SUMMARY OF THE INVENTION

To these ends, a color filter substrate of the present
invention comprises: a substrate comprising a pixel region
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and a first region surrounding the pixel region on a first
surface of the substrate; a plurality of color layers disposed
on the first surface of the substrate 1n the pixel region; and
a color layer which 1s disposed 1n the first region and which
1s composed of the same material as that for one color layer

of said plurality of color layers disposed on the first surface
of the substrate.

According to this structure, since the color layer disposed
in the first region 1s composed of the same layer as that for
one of the color layers disposed 1n the pixel region, a step 1s
not formed by the difference in thickness of the film 1n the
vicinity of the boundary between the pixel region and the
first region. Accordingly, 1n the vicinity of the boundary
between the pixel region and the first region, the film formed
on the color filter substrate 1s continuous, and the change in
thickness thereof 1s decreased. Hence, when the color filter
substrate formed as described above 1s 1ncorporated in an
electrooptic device, the change in cell gap 1n the vicinity of
the boundary between the pixel region and the first region
can be reduced, and as a result, degradation of display
quality, which 1s caused by orientation defect of liquid
crystal used as an electrooptic material, can be prevented.

In addition, the substrate may further comprise a second
region surrounding the {first region, and the color filter
substrate may further comprise a laminate film which 1is
disposed 1n the second region and which 1s formed of the
same materials as those for at least two color layers of said
plurality of color layers disposed on the first surface of the
substrate.

According to this structure, since the laminate film com-
posed of the color layers 1s formed 1n the second region
surrounding the first region, this portion serves as a shading
region. Accordingly, when the color filter substrate as
described above 1s 1ncorporated 1n an electrooptic device,
the contrast of the pixel region can be enhanced, and as a
result, a liquid crystal device having high display quality can
be obtained.

The height of the laminate film disposed i the second
region from the first surface may be lower than that of said
plurality of color layers 1n the pixel region from the first
substrate.

According to this structure, when the color filter substrate
formed as described above 1s bonded to a counter substrate
to form an electrooptic device, a holding material such as
spacers, which hold the distance between the two substrates,
may not move, and the distance between the substrates can
be held constant, so that the display quality of the electroop-
tic device may not be degraded.

In addition, the color filter substrate may further comprise
a reflective film disposed 1n the pixel region.

According to this structure, this color filter substrate may
be used as a color filter substrate for an electrooptic device,
such as a reflective liquid crystal device or a transilective
liquid crystal device, which performs display using outside
light.

In addition, the color filter substrate may further comprise
a light scattering resin layer disposed 1n the pixel region,

wherein the reflective film 1s provided on the light scattering,
resin layer.

As described above, the structure 1n which the reflective
f1lm 1s formed on the light scattering resin layer may be used.
In this case, for example, irregularities are provided on the
surface of the light scattering resin layer, and the reflective
film 1s formed i1n conformity with the irregularities men-
tioned above, thereby forming irregularities on the surface of
the reflective film. As a result, outside light 1s reflected from
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this reflective film and 1s then scattered, thereby increasing
the brightness of the reflected light.

The color filter substrate described above may further
comprise a plurality of pixels 1n the pixel region, and the
pixels each have reflective regions 1n which the reflective
film 1s disposed and non-reflective regions in which the
reflective film 1s not disposed.

According to the structure described above, when the
non-reflective regions, in other words, transmissive regions,
are formed 1n the reflective film, the color filter substrate
described above may be used as a color filter substrate for a
transtlective liquid crystal device that 1s an electrooptic
device capable of performing transmissive and reflective
displays. In the present mvention, the pixel means a unit
forming a display screen of an electrooptic device and
corresponds to one unit composed of three dots in embodi-
ments described later.

Each of the reflective regions may be disposed so as to
surround the corresponding non-reflective region. As
described above, both the reflective regions and the non-
reflective regions may be likewise disposed.

In addition, the thicknesses of the color layers disposed in
the reflective regions are different from those of the color
layers disposed 1n the non-reflective regions.

As described above, when the color filter substrate 1n
which the thicknesses of the color layers disposed 1n the
reflective regions are different from those of the color layers
disposed 1n the transmissive regions 1s 1ncorporated 1n an
electrooptic device, the same color display quality can be
obtained in both transmissive and reflective display.

In addition, the color layer disposed 1n the first region 1s
preferably composed of the same material as one color layer
of the color layers disposed 1n the reflective region.

According to the structure described above, a step formed
by the difference 1n thickness of the color layer may not be
generated 1n the vicinity of the boundary between the pixel
region and the first peripheral region. That 1s, since the
structure 1s formed so that color layers disposed in the
reflective regions are each formed so as to surround a
corresponding color layer disposed i the non-reflective
region, when the entire pixel region 1s observed, the color
layers disposed 1n the reflective regions are disposed at the
periphery of the pixel region. Accordingly, when the color
layer 1 the first region 1s formed of the same material and
by the same step as those for the color layers disposed 1n the
reflective regions, the step formed by the difference in
thickness of the color layer may not be generated in the
vicinity of the boundary between the pixel region and the
first region. Hence, when the color filter substrate as
described above 1s incorporated 1n an electrooptic device,
the change in cell gap in the vicimity of the boundary
between the pixel region and the first peripheral region can
be reduced, and hence degradation of display quality caused
by orientation defect of liquid crystal can be prevented.

In addition, the laminate film disposed in the second
region may be composed of the same materials as those for
at least two color layers of said color layers disposed 1n the
non-reflective regions.

According to this structure, since the color layers dis-
posed 1n the non-reflective regions have high shading prop-
erties compared to those disposed in the reflective regions,
a laminate film having higher shading properties can be
obtained.

In addition, the color layer disposed 1n the first region 1s
preferably blue 1n color.

As described above, blue may be used for the color layer.
In general, as the color layers, three primary colors, that is,
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4

blue, green, and red, are used, and among those colors, blue
has the highest shading properties. Accordingly, by using
blue for the color layer disposed 1n the first region, a shading
function can be obtained.

An electrooptic device of the present invention comprises
the color filter substrate described above, a counter substrate
disposed to oppose the color filter substrate, and an elec-
trooptic material provided between the color filter substrate
and the counter substrate.

According to the structure of the present invention, the
change 1n cell gap 1n the vicinity of the boundary between
the pixel region and the first region can be reduced, and
degradation of display quality caused by orientation defect
of liquid crystal used as an electrooptic material can be
prevented, thereby forming an electrooptic device having
high display quality.

In addition, the electrooptic device described above may
further comprise a metal film on the counter substrate so as
to correspond to the first region of the color filter substrate.
According to this structure, the shading function 1n the first
region can be further enhanced, and the contrast of the pixel
region 15 also enmhanced, thereby forming an electrooptic
device having higher display quality.

In addition, the metal film may comprise tantalum. As
described above, as the metal film, a film containing tanta-
lum, such as a tantalum film, a tantalum alloy film, or a
tantalum oxide film, may be used. In addition, the electroop-
tic device described above may further comprise a backlight
which emits light to the color filter substrate and the counter
substrate with the electrooptic material provided therebe-
tween. As described above, transmissive display may be
performed by the backlight thus disposed.

In addition, the electrooptic material may comprise liquid
crystal. As described above, as the electrooptic material,
liquid crystal may be used. An electronic apparatus of the
present 1nvention comprises the electrooptic device
described above. Accordingly, the electrooptic devices
described above may be applied to various electronic appa-
ratuses.

A method of the present invention for manufacturing a
color filter substrate 1s a method for manufacturing a color
filter substrate having a substrate which comprises a pixel
region and a first region surrounding the pixel region on a
first surface of the substrate. The method described above
comprises a step of forming first color layers on the first
surface of the substrate in the first region and a part of the
pixel region; and a step of forming second color layer on the
first surface of the substrate in the pixel region except at least
said part of the pixel region.

According to the structure of the present invention, since
the color layer 1n the first region 1s formed of the same
material and by the same step as those for the color layers
disposed 1n the pixel region, an additional step of forming
the color layer 1n the first region 1s not necessary, and in the
color filter substrate manufactured by the method described
above, a step 1s not formed by the difference 1n thickness of
the film 1n the vicinity of the boundary between the pixel
region and the first region. Accordingly, in the vicinity of the
boundary between the pixel region and the first region, the
film formed on the color filter substrate 1s continuous, and
the change 1n thickness 1s decreased. Hence, when the color
filter substrate as described above 1s incorporated in an
electrooptic device, the change in cell gap 1n the vicinity of
the boundary between the pixel region and the first region
can be reduced, and as a result, degradation of display
quality, which 1s caused by orientation defect of liquid
crystal used as an electrooptic material, can be prevented.
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In addition, the substrate may further comprise a second
region surrounding the first region, and the steps of forming
the first color layer and the second color layer may form a
first color layer and a second color layer, respectively, 1n the
second region so that a laminate film 1s formed on the first
surtface of the substrate.

According to the structure described above, since the
color layers 1n the second region are each formed of the
same material and by the same step as those for the corre-
sponding color layer disposed 1n the pixel region, additional
steps of forming the color layers 1n the second region are not
necessary, and 1n the color filter substrate manufactured by
the method described above, the second region serves as a
shading region. Hence, when the color filter substrate as
described above 1s mcorporated 1n an electrooptic device,
the contrast 1n the pixel region can be enhanced, and a liquid
crystal device having high display quality can be obtained.

In addition, the substrate may further comprise a second
region surrounding the {first region, and the method
described above may further comprise a step of forming
third color layers on the first surface of the substrate in the
pixel region at which the first color layers and the second
color layers are not formed, wherein the steps of forming the
first color layers, the second color layers, and the third color
layers form a first color layer, a second color layer, and a
third color layer, respectively, 1in the second region so that a
laminate film 1s formed on the first surface of the substrate.

According to the structure described above, the laminate
f1lm may be formed by the same steps as those for the color
layers 1n the pixel region, and hence a laminate film having
a shading function can be formed without increase in the
number of manufacturing steps. In addition, the height of the
laminate {ilm 1n the second region from the first surface is

preferably lower than the color layers in the pixel region
from the first surface.

When the color filter substrate thus formed 1s bonded to
a counter substrate with a predetermined gap therebetween
to form an electrooptic device, a holding material such as
spacers which hold the distance between the two substrates
may not move, and the distance between the substrates can
be held constant, so that the display quality of the electroop-
tic device 1s not degraded.

In addition, the method described above may further
comprise a step of forming a reflective film on the first
surface of the substrate in the pixel region, wherein after the
step of forming of the reflective film, the color layers are
formed.

The color {filter substrate thus formed may be used as a
color filter substrate for an electrooptic device performing
display using outside light, such as a reflective liquid crystal
device or a transilective liquid crystal device. In addition,
the method described above may further comprise a step of

™

forming a hght scattering resin layer on the first surface of
the substrate 1n the pixel region, wherein after the step of
forming the light scattering resin layer, the reflective film 1s
formed.

As described above, a color filter substrate may also be
used having the retlective film formed on the light scattering
resin layer. In this case, for example, urregularities are
formed on the surface of the light scattering resin layer, and
the reflective film 1s formed 1n conformity with the rregu-
larities mentioned above, thereby forming irregularities on
the surface of the reflective film. As a result, outside light is
reflected from the reflective film and 1s then scattered,
thereby increasing the brightness of the reflected light.

In addition, the first color layers are preferably blue in

color. As described above, blue may be used for the first
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color layers. In general, as the color layers, three primary
colors, blue, green, and red, are used, and among those
colors, blue has the highest shading properties. Accordingly,
by using blue for the color layer disposed 1n the first region,
a shading function can be obtained.

In addition, the second color layers are preferably red in
color. As described above, red may be used for the second
color layer. In general, as the color layers, three primary
colors, blue, green, and red, are used, and 1n terms of the
shading properties, red 1s second best to blue. Accordingly,
when a two-layered laminate film 1s formed in the second
region, blue and red, having higher shading properties
among the three color layers, are preferably used for the
color layers, and hence a more effective shading function
can be obtained thereby.

Another method for manufacturing a color filter substrate
1s a method for manufacturing a color filter substrate having
a substrate which comprises a pixel region, 1n which pixels
cach having reflective regions and non-reflective regions are
disposed, and a first region surrounding the pixel region on
a first surface of the substrate. The method described above
comprises a step of forming first reflective color layers on
the first surface of the substrate 1n the first region and some
of the retlective regions; a step of forming second reflective
color layers on the first surface of the substrate in the
reflective regions except at least said some of the reflective
regions; a step of forming first non-retlective color layers on
the first surface of the substrate in said some of the non-
reflective regions; and a step of forming second non-retlec-
tive color layers on the first surface of the substrate in the

non-reflective regions except at least said some of the
non-reflective regions.

According to the structure of the present invention, since
the color layer in the first region 1s formed of the same
material and by the same step as those for the color layers
disposed 1n the pixel region, an additional step of forming
the color layer 1n the first region 1s not necessary. In addition,
the color filter substrate manufactured by the method as
described above may be used for a transflective liquid
crystal device. In the case described above, when the thick-
ness of the non-reflective color layer used for transmissive
display and the thickness of the reflective color layer used
for reflective display are different from each other, and in
addition, when the reflective color layer 1s disposed so as to
surround the non-reflective color layer, a step 1s not formed
by the difference 1n thickness of color layer 1n the vicinity of
the boundary between the pixel region and the first periph-
eral region. That 1s, when the overall pixel region 1is
observed, since the reflective color layer 1s disposed at the
periphery of the pixel region, by providing the color layer in
the first region which 1s formed of the same material and by
the same step as those of the reflective color layers described
above, a step 1s not formed by the difference in thickness of
the color layer in the vicinity of the boundary between the
pixel region and the first peripheral region. Hence, when the
color filter substrate as described above 1s incorporated in an
electrooptic device, the change in cell gap 1n the vicinity of
the boundary between the pixel region and the first region
can be reduced, and as a result, degradation of display
quality, which 1s caused by orientation defect of liquid
crystal, can be prevented.

In addition, the substrate may further comprise a second
region surrounding the first region, and the steps of forming
the first non-reflective color layers and the second non-
reflective color layers may form a first non-reflective color



US 6,992,737 B2

7

layer and a second non-retlective color layer, respectively, 1n
the second region so that a laminate film 1s formed on the
first surface of the substrate.

According to the structure described above, the laminate
f1lm can be formed by the same steps as those for the color
layers 1n the pixel region, and hence a laminate having a
shading function can be formed without increase in the
number of manufacturing steps.

In addition, the substrate may further comprise a second
region surrounding the {first region, and the method
described above may further comprise a step of forming
third reflective color layers on the first surface of the
substrate 1n the reflective regions at which the first reflective
color layers and the second reflective color layers are not
formed, and a step of forming third non-reflective color
layers on the first surface of the substrate in the non-
reflective regions at which the first non-reflective color
layers and the second non-reflective color layers are not
formed, wherein the steps of forming the first non-reflective
color layers, the second non-reflective color layers, and the
third non-reflective color layers form a first non-reflective
color layer, a second non-reflective color layer, and a third
non-reflective color layer 1n the second region so that a
laminate 1s formed on the first surface of the substrate film.

According to the structure described above, a three-
layered laminate film can be formed by the same steps of
forming the color layers 1n the pixel region, and without
increase 1n the number of manufacturing steps, a laminate
film having a shading function can be formed.

In addition, the reflective regions are each formed so as to
surround the corresponding non-reflective region, and the
method described above may further comprise a step of
forming a retflective film on the first surface of the substrate
in the reflective regions, wherein after the step of forming
the reflective film, the color layers are formed.

As described above, as a reflection mechanism, the reflec-
five film may be formed. The method described above may
further comprise a step of forming a light scattering resin
layer on the first surface of the substrate 1n the pixel region,
wherein after the step of forming the light scattering resin
layer, the reflective film 1s formed.

As described above, the light scattering resin layer may be
formed. The thicknesses of the reflective color layers dis-
posed 1n the reflective regions are preferably different from
those of the non-reflective color layers disposed in the
non-reflective regions.

As described above, when the color filter substrate 1n
which the thicknesses of the color layers disposed in the
reflective regions are different from those of the color layers
disposed 1n the non-reflective regions, that is, the transmis-
sive regions, 1s incorporated in an electrooptic device, the
same color display quality can be obtained in both trans-
missive and reflective displays.

In addition, the first reflective color layers are preferably
blue 1n color. Blue may be used for the first color layer, and
hence the color layer formed 1n the first region is blue. In
oeneral, as the color layers, three primary colors, blue,
oreen, and red, are used, and among those colors, blue has
the highest shading properties. Accordingly, by using blue
for the color layer disposed in the first region, a shading
function can be obtained.

A method of the present invention for manufacturing an
electrooptic device 1s a method for manufacturing an elec-
trooptic device comprising an electrooptic material provided
between a color filter substrate and a counter substrate, and
in the method described above, the color filter substrate 1s
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manufactured i accordance with the methods for manufac-
turing the color filter substrates described above.

According to the structure of the present invention
described above, an electrooptic device having high display
quality can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partly exploded plan view of a liquid crystal
device of a first embodiment according to the present
invention.

FIG. 2 1s a plan view for illustrating the positional
relationship among a pixel region, a first peripheral region,
and a second peripheral region of the liquid crystal device

shown in FIG. 1.

FIG. 3 1s a partial cross-sectional view showing the

structure of the liquid crystal device taken along the line
[II—III 1 FIG. 1.

FIG. 4 1s a partial cross-sectional view showing the

structure of the liquid crystal device taken along the line
[V—IV m FIG. 1.

FIG. 5 1s a partial cross-sectional view showing the
structure of the liquid crystal device taken along the line

V—V 1n FIG. 1.

FIG. 6 1s a schematic, perspective view for illustrating the
positional relationship among a reflective film, color layers,
and second electrodes of a color filter substrate of the liquid
crystal device shown 1n FIG. 1.

FIG. 7 1s an enlarged perspective view showing a TFD
clement indicated by the arrow VII i FIG. 1.

FIG. 8 includes partial cross-sectional views showing a
manufacturing process (part 1) for a color filter substrate of
the liquid crystal device shown 1n FIG. 1.

FIG. 9 mcludes partial cross-sectional views showing a
manufacturing process (part 2) for the color filter substrate
of the liquid crystal device shown m FIG. 1.

FIG. 10 1s a partial, cross-sectional view of a liquid crystal
device according to another embodiment of the present
invention, and corresponds to the cross-sectional view taken

along the line III—III m FIG. 1.

FIG. 11 1s a partial, cross-sectional view of a liquid crystal
device according to another embodiment, and corresponds

to the cross-sectional view taken along the line IV—IV 1n
FIG. 1.

FIG. 12 1s a partial, cross-sectional view of a liquid crystal
device according to another embodiment, and corresponds

to the cross-sectional view taken along the line V—V 1n
FIG. 1.

FIG. 13 includes partial, cross-sectional views showing a
manufacturing process for a color filter substrate of a liquid
crystal device according to another embodiment.

FIG. 14 1s a perspective view showing a mobile computer
according to another embodiment of an electronic apparatus
of the present invention.

FIG. 15 1s a perspective view showing a mobile phone
according to still another embodiment of an electronic
apparatus of the present invention.

FIG. 16 1s a perspective view showing a digital still
camera according to still another embodiment of an elec-
tronic apparatus of the present imnvention.

FIG. 17 1s a block diagram showing an embodiment of an
electronic apparatus of the present invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(First Embodiment)

Hereinafter, the present invention will be described with
reference to drawings about the case in which the present
invention 1s applied to an active matrix transtlective liquid
crystal device of the COG-type using TFD eclements as
switching elements, which 1s an example of an electrooptic
device. In the drawings, in order to easily recognize indi-
vidual constituent elements, the reduction scales, the number
of elements, and the like are differ from those of the actual
structure.

FIG. 1 1s a plan view showing a liquid crystal device
according to an embodiment, and FIG. 2 1s a plan view for
illustrating the positional relationship among a pixel region,
a first peripheral region, and a second peripheral region of
the liquid crystal device shown 1n FIG. 1.

A liquid crystal device 1 shown 1n FIG. 1 1s formed by
bonding, that 1s, adhering, a counter substrate 2a disposed at
the front side of this figure to a color filter substrate 2b
disposed at the rear side of this figure with a sealing material.

A region surrounded by a sealing material 3, the counter
substrate 2a, and the color filter substrate 25 forms a gap
having a predetermined height, in other words, a so-called
cell gap 1s formed. In addition, a liquid crystal inlet 3a 1s
formed 1n a part of the sealing material 3. Into the cell gap
described above, liquid crystal 1s injected via the liquid
crystal inlet 3a, and after the injection 1s performed, the
liquid crystal inlet 3a 1s sealed with a resin or the like.

As shown 1 FIG. 1, the counter substrate 2a¢ has a
substrate protruding portion 2¢ which protrudes outside
from the color filter substrate 2b, and on this substrate
protruding portion 2¢, liquid crystal drive I1Cs 4a and 4b are
mounted with a conductive adhesive such as an ACF (Aniso-
tropic Conductive Film) 6. The liquid crystal drive ICs 4a
and 4b have different properties from each other, and the
reason the two different types of liquid crystal drive ICs are
used 1s that one type IC cannot control operation of both the
counter substrate 2a and the color filter substrate 2b since
voltages used for scanning lines drive system and signal line
drive system are different from each other.

The structure of each substrate will be described later in
detail; however, as shown 1n FIGS. 1 and 2, the liquid crystal
device 1 has a pixel region 100 having a size approximately
equivalent to that of a display screen, a first peripheral
region 101 surrounding this pixel region 100, and a second
peripheral region 102 further surrounding this first periph-
eral region 101. Both the first and the second peripheral
regions serve as a shading region. The second peripheral
region 102 1s disposed so that the outer edge portion thereot
overlaps the mner edge portion of the sealing material 3.

FIG. 3 1s a partial cross-sectional view of the liquid crystal
device structure taken along the line III—III 1n FIG. 1. FIG.
4 1s a partial cross-sectional view of the liquid crystal device
structure taken along the line IV—IV 1n FIG. 1. The liquid
crystal device 1 1s formed of liquid crystal 110, functioning
as an electrooptic material, provided between the counter
substrate 2a and the color filter substrate 2b. The distance
between the counter substrate 2a and the color filter sub-
strate 2b 1s fixed by spacers 111. In addition, at the rear side
(lower side of the structure shown in FIGS. 3 and 4) of the
color filter substrate 2b, a lighting device 10 having a light
source 7 and a light guide 8 1s provided as a backlight.

As shown 1n FIGS. 3 and 4, the counter substrate 2a has
a substrate 9a, and on the surface of the substrate 9a, that 1s,
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on the surface at the liquid crystal 110 side, a plurality of
pixel electrodes 14a are disposed. In addition, as shown in
FIG. 1, on the internal surface of the counter substrate 2a, a
plurality of linear line wires 32 are disposed parallel to each
other so as to form a stripe pattern, TFD elements 33 are
formed so as to be connected to these line wires 32, and the
plurality of pixel electrodes 14a are disposed 1n a matrix via
these TFD elements 33. In addition, on the pixel electrodes
144, the TFD elements 33, and the line wires 32, as shown
in FIGS. 3 and 4, an alignment film 16a i1s disposed. In
addition, a retardation film 17a 1s disposed on the external
surface of the substrate 9a, and a polarizer 18a 1s further
disposed on the retardation film 17a4.

The structure of one TFD element and the vicinity thereof
indicated by the arrow VII in FIG. 1 1s shown 1n FIG. 7 by
way of example. A TFD element shown 1n FIG. 7 has a
so-called back-to-back structure. As shown 1n FIG. 7, the
line wire 32 has a three-layered structure formed of a first
layer 32a made of TaW (tantalum tungsten) or the like, a
second layer 32b made of an anodized Ta,O (tantalum
oxide) film or the like, and a third layer 32¢ made of Cr or
the like.

In addition, the TFD element 33 1s formed by connecting,
a first TFD portion 33a and a second TFD portion 335 1n
serics. The first TFD portion 33a and the second TFD
portion 33b are each have a three-layered structure formed
of a first metal layer 36 made of TaW, an msulating layer 37
made of Ta,O. by anodization, and a second metal layer 38
made of Cr, which 1s formed of the same layer as that for the
third layer 32¢ of the line wire 32.

The first TFD portion 33a has a laminate structure in
which current from the line wire 32 side flows through the
second metal layer 38, the insulating layer 37, and the first
metal layer 36 1n that order. On the other hand, the second
TEFD portion 33b has a laminate structure 1n which current
from the line wire 32 side flows through the first metal layer
36, the 1mnsulating layer 37, and the second metal layer 38 1n
that order. As described above, by connecting the pair of the
TFD portions 33a and 33b to each other 1n series so that the
clectrical directions thereof are opposite to each other, a
TFD element having the back-to-back structure 1s formed,
and hence stability of switching properties of the TFD
clement can be obtained. The pixel electrode 144 1s formed,
for example, of ITO so as to be electrically connected to the
second metal layer 38 of the second TFD portion 33b.

In addition, on the counter substrate 2a, a picture-frame
shaped metal film 130 1s formed to oppose the first periph-
cral region 101. This metal film 130 may have a laminate
structure formed, for example, of the first layer 32a made of
TaW (tantalum tungsten) and the second layer 32h made of
an anodized Ta,O (tantalum oxide) film of the line wire 32,
and the metal film 130 may be formed 1n the same steps as
those for forming the TFD element. In addition, as the metal
f1lm 130, a single layer may be used which 1s made of a TaW
(tantalum tungsten) layer formed in the same step as that for
the first layer 32a forming the TFD element.

As shown 1n FIGS. 3 and 4, the color filter substrate 25
has a substrate 956 having a first surface 109b. On the first
surface 1095 of the substrate 9b, that 1s, on the surface at the
liquid crystal 110 side, a light scattering resin layer 81,
having a thickness of 1.4 to 2.6 um and being formed, for
example, of an acrylic or epoxy resin, 1s disposed, and on
this light scattering resin layer 81, a reflective film 11 having
a thickness of 160 to 260 nm and being formed of a material
having a light reflective property, such as Al, i1s further
disposed. Although not shown in the figure, the light scat-
tering resin layer 81 has an irregular or roughened surface at
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the side to be brought into contact with the reflective film 11,
and the reflective film 11 1s formed 1n conformity with this
irregularities, thereby forming wrregularities on the surface
of the reflective film 11. In addition, the reflective film 11 has
an opening lla i1n each dot, which allows light to pass
therethrough. That 1s, when display is performed 1n accor-
dance with the function of a reflective liquid crystal device
using outside light, outside light incident on the lLiquid
crystal device 1 1s reflected from the reflective film 11, and
display 1s performed using this reflected light, and when
display 1s performed 1n accordance with the function of a
transmissive liquid crystal device using a backlight 10, light
emitted from the backlight 10 passes through the openings
11a formed 1n the reflective film 11, so that display 1s
performed. In this embodiment, the transtlective function 1s
obtained by forming the openings in parts of the reflective
film 11; however, for example, when the reflective film 1s
thinned so as to allow light to pass therethrough, the
transflective function can also be obtained. In addition, 1n
this embodiment, 1in order to efficiently scatter outside light,
the reflective film 11 1s formed on the light scattering resin
layer 81 having irregularities on the surface thereof so as to
form 1rregularities on the surface of the reflective film 11;
however, without the light scattering resin layer 81, after
irregularities are formed on the surface of the substrate 95 by
frost treatment or the like, the reflective film 11 may be
formed on the irregular region of the substrate 95 so as to
form 1rregularities on the surface of the reflective film 11.
Alternatively, without the light scattering resin layer 81, the
structure may be formed 1n which the reflective film 11 1is
provided on a flat surface of the substrate 95 to form a flat
surface of the reflective film 11, and a light scattering layer
for light scattering 1s provided at the external surface side of
the substrate 9a.

Furthermore, on the reflective film 11, a color filter film
and an overcoat layer 13 having a thickness of 1.4 to 2.6 um
are disposed, second electrodes 14b are disposed on the
overcoat layer, and an alignment film 165 1s further disposed
on those mentioned above. In addition, on the external
surface of the substrate 95, a retardation film 175 1s formed,
and on that film mentioned above, a polarizer 18b 1s further
disposed.

As shown 1n FIG. 1, the second electrodes 145 are formed
of a great number of linear electrodes disposed 1n parallel to
cach other 1n a stripe pattern so as to intersect the line wires
32. In FIG. 1, to facilitate understanding of the electrode
pattern, the second electrodes 14b having exaggerated large
spaces therebetween are shown schematically; however, 1n
practice, the spaces between the second electrodes 14b are
formed to be very small 1n accordance with dot pitches of the
pixel electrodes 14a.

The 1ntersections between the pixel electrodes 14a and the
second electrodes 14b are arranged in a dot matrix, each
intersection forms one dot, and each color layer pattern of
the color filter film shown 1 FIGS. 3 and 4 corresponds to
one dot described above.

In the color filter film described above, one unit 1s
composed of three primary colors R (red), G (green), B
(blue), and this unit forms one pixel. That is, three dots form
one unit functioning as one pixel. The color filter film of this
embodiment 1s formed of reflective blue color layers 150B
as a first reflective color layer, reflective red color layers
150R as a second reflective color layer, reflective green color
layers 150G as a third reflective color layer, non-reflective
blue color layers 160B as a first non-reflective color layer,
non-reflective red color layers 160R as a second non-
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reflective color layer, and non-reflective green color layers
160G as a third non-reflective color layer.

Next, referring to FIGS. 3, 4, and 6, the positional
relationship between the color filter film and the reflective
film, and the structures thereof will be described. FIG. 6 1s
a schematic perspective view for illustrating the positional
relationship among the reflective film 11, the color layers,
and the second electrodes on the color filter substrate 2b of
the liquid crystal device 1 shown in FIG. 1. As shown 1n the
figure, the liquid crystal device 1 has the structure 1n which
one opening 11a of the reflective film 11 1s provided 1n each
dot. Apart of the reflective film 11, which corresponds to one
dot, 1s formed 1n the reflection region 171 used for reflection
display to surround the opening 1la located 1n a non-
reflection region 170 used for transmission display. In addi-
tion, the reflective blue color layers 150B, reflective red
color layers 150R, and reflective green color layers 150G are
formed approximately along the second electrodes 14b so as
to form a stripe pattern, and at positions corresponding to the
openings 11a of the reflective film 11, the reflective color
layers are not provided. In addition, the non-reflective blue
color layers 160B, non-reflective red color layers 160R, and
non-reflective green color layers 160G are formed at posi-
tions corresponding to the openings 11a and approximately
along the second electrodes 14b so that the same color layers
are disposed linearly. For the reflective color layers 150 and
non-reflective color layers 160, in other words, transmissive
color layers, coloring materials and the thicknesses thereot
are different from each other. In particular, although an
organic resin, such as an acrylic, epoxy, or polyimide resin,
1s used for both the reflective color layers 150 and the
non-reflective color layers 160, amounts of pigment dis-
persed therein or the like are different from each other. In
addition, 1n this embodiment, the reflective color layer 150
1s formed to have a thickness of 1 um, and on the other hand,
the non-reflective color layer 160 1s formed to have a
thickness of 1.5 um. In addition, among the reflective color
layers 150 and the non-reflective color layers 160, each blue
color layer has the highest shading property, and each red
color layer 1s second best to the blue color layer in shading
property. In the figure, the opening 1la formed 1n the
reflective film 11 1s shown as if a space 1s present therein;
however, since the reflective film 11 has a significantly small
thickness compared to that of the color layers 150 and 160,
the openings 1la are filled with the color layers 160 in
practice.

In this embodiment, as shown 1n FIGS. 3, 4, and 5, FIG.
S which 1s a cross-sectional view taken along the line V—V
in FIG. 1, 1n the first peripheral region 101 of the color filter
substrate 2b, as a first peripheral color layer, a first peripheral
blue color layer 120 in a picture-frame shape 1s disposed
which 1s formed of the same material and by the same step
as those for the reflective blue color layer 150B disposed 1n
the pixel region 100. Accordingly, the step of forming the
color layer may be omitted 1n the vicinity of the boundary
between the pixel region 100 and the first peripheral region
101. That 1s, in this embodiment, since the color layer 1n
cach dot 1s formed so that the reflective color layer 150
surrounds the non-reflective color layer 160, when the
overall pixel region 1s observed, the reflective color layer
150 1s disposed at the periphery of the pixel region. Accord-
ingly, when the first peripheral color layer 120, which 1is
formed of the same material and by the same step as those
for this reflective color layer 150, 1s provided in the first
peripheral region 101, the step of generating a difference 1n
the thickness of the color layer may not be omitted in the
vicinity of the boundary of the pixel region 100 and the first
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peripheral region 101. In addition, 1n this embodiment, the
light scattering resin layer 81 and the reflective film 11 are
formed so as to overlap at least the mner edge portion of the
first peripheral region 101, and the overcoat layer 13 and the
alignment film 165 are also formed so as to overlap at least
the 1nner edge portion of the first peripheral region 101.
Hence, 1 the vicinity of the boundary between the pixel
region 100 and the first peripheral region 101, the film
formed on the color filter substrate 2b becomes continuous,
and hence the change in thickness 1s decreased. As a result,
compared to traditional structures, the change in cell gap 1n
the vicinity of the boundary between the pixel region 100
and the first peripheral region 101 can be reduced, and

degradation of display quality caused by orientation defects
of the liquid crystal material can be reduced.

In addition, 1n this embodiment, since the color layer 1s
disposed 1n the first peripheral region 101, light leakage
from the backlight can be shaded, and also 1n this embodi-
ment, since blue color having high shading property 1s used
as the first peripheral color layer, light leakage from the
backlight can be efficiently shaded as compared to the case
in which another color such as red or green 1s used. In this
embodiment, blue color 1s used as the first peripheral color
layer; however, red color or green color may be used, and
preferably, blue color or red color having high shading
property 1s used. Furthermore, as described above, since the
metal film 130 1s formed on the counter substrate 2a so as
to correspond to the first peripheral region 101, light leakage
from the backlight can be further shaded, and the contrast of
the pixel region can be enhanced, thereby forming a liquid
crystal device having high display quality.

In the second peripheral region 102 of the color filter
substrate 2b, a picture-frame shaped laminate film 140
composed of three color layers having three different colors
from each other, that 1s, a second peripheral blue color layer
140B, a second peripheral red color layer 140R, and a
second peripheral green color layer 140G, 1s disposed, these
three color layers being formed of the same materials and by
the same steps as those for the non-reflective blue color layer
160B, non-reflective red color layer 160R, and non-reflec-
five green color layer 160G, respectively, which are dis-
posed 1n the pixel region 100. As described above, by further
forming a shading film of the laminate {ilm 140 1n the second
peripheral region 102 surrounding the first peripheral region
101, light leakage from the backlight can be further shaded,
and hence a liquid crystal device having higher display
quality can be obtained. Related to this, in this embodiment,
the color layers having three different colors are used to form
the laminate film 140; however, two color layers having
different colors may be used, and 1n this case, a blue color
layer and a red color layer are preferably formed for forming
a laminate film 1n order of higher shading ability. In addition,
height “a” of the laminate film 140 from the first surface
1095 of the color filter substrate 2b 1s preferably smaller than
height “b” of the color filter {ilm from the first surface 1095
of the color filter substrate 2b. The reason for this is that
when height a 1s larger than height b, the spacers 111 move
when the liquid crystal device 1 1s formed, and as a result,
the cell gap 1n the substrate surface may become nonuniform
In SOMe Cases.

The substrates 9a and 95 described above are formed, for
example, of glass or plastic. In addition, the electrodes 14a
and 14b described above having a desired pattern may be
formed by a known film-forming method, such as sputtering
or vacuum deposition, using [TO (Indium Tin Oxide) or the
like and a subsequent photolithographic method.
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The alignment films 16 and 165 are formed, for example,
by an offset printing method or a method i which a
polyimide solution 1s applied and then baked.

As shown 1n FIG. 1, on the substrate protruding portion 2¢
of the counter substrate 2a, wires 194 are formed which are
connected to the third layers 32¢ of the line wires 32, and
wires 19b are also formed which are connected to the second
clectrodes 14b on the color filter substrate 25 via a conduc-
tive material 21 (see FIG. 5) dispersed in the sealing material
3. As the structure of the wire 194, for example, a laminate
structure may be used which is composed of a Cr (chro-
mium) layer formed by the same step as that for the third
layer 32¢ and an ITO (Indium Tin Oxide) layer formed by
the same step as that for the second electrodes 14bH. In
addition, as the structure of the wire 19a, for example, a
laminate structure may be used which 1s composed of a Cr
(chromium) layer formed by the same step as that for the
third layer 32¢ and one of a TaW (tantalum tungsten) layer
formed by the same step as that for the first layer 32a of the
TFD element, a Ta,O5 (tantalum oxide) layer formed by the
same step as that for the second layer 32b of the TFD
element, and an ITO (Indium Tin Oxide) layer formed by the
same step as that for the second electrodes 145b. In addition,
portions of the wire 194 and the second electrode 145, which
are connected to each other with the conductive material 21,
serve as terminals.

In FIGS. 3 to §, to facilitate understanding of the entire
liquid crystal device 1, the conductive material 21 having an
oval cross-sectional shape 1s schematically shown; however,
in practice, the conductive material 21 are formed into
spherical or cylindrical shape, and the size thereof 1s very
small as compared to the line width of the sealing material
3. Accordingly, a plurality of small products formed from the
conductive material 21 can be present in the line width
direction of the sealing material 3.

The liquid crystal device 1 of this embodiment performs
display in accordance with a transtlective display system. In
the case of reflective display performed by this transtlective
display system, light incident from outside of the counter
substrate 2a side shown 1n FIGS. 3 to § 1s reflected from the
reflective film 11 and 1s then supplied to the layer of the
liquid crystal 110. In the state described above, when the
orientation of liquid crystal 1n each pixel 1s controlled by
controlling a voltage applied to the liquid crystal 110 for
cach pixel, the light supplied to the layer of the liquid crystal
110 1s modulated 1n each pixel, and this modulated light 1s
supplied to the polarizer 18a. Accordingly, 1mages such as
letters are displayed. On the other hand, in the case of
transmissive display, light emitted from the backlight 10
shown 1 FIGS. 3 to 5 1s supplied to the layer of the liquid
crystal 110. In the state described above, when the orienta-
tion of liquid crystal 1in each pixel i1s controlled by control-
ling a voltage applied to the layer of the liquid crystal 110
for each pixel, the light supplied to the layer of the liquid
crystal 110 1s modulated in each pixel, and this modulated
light 1s supplied to the polarizer 18a. Accordingly, images
such as letters are displayed.

In this embodiment, the pixel region includes an effective
display region performing display and a dummy pixel region
disposed to surround this effective display region. In the
dummy pixel region, a pattern having the same shape as that
of the pixel electrodes 1n the effective display region 1is
practically formed. However, the pattern formed in this
region 1s not composed of a transparent electrode material
such as I'TO, and non-transparent metal films are provided
on areas corresponding to the electrodes. Hence, the dummy
pixel region functions as a shading region.
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Next, a method for manufacturing the above liquid crystal
device will be described.

A method for manufacturing the color filter substrate 2b,

which constitutes a part of the liquid crystal device, will first
be described with reference to FIGS. 8 and 9.

As shown in FIG. 8(a), on the first surface 1095 of the
substrate 9b, the light scattering resin layer 81, having a
thickness of 1.4 to 2.6 um and being formed of an acrylic or
epoxy resin material, 1s formed 1 a region which corre-
sponds to the pixel region 100 and a part of the first
peripheral region 101. Although being formed on a surface
of the light scattering resin layer 81, the 1rregularities thereot
are omitted 1n the figure.

Next, as shown in FIG. 8(b), after an Al film is formed on
the light scattering resin layer 81 by sputtering or the like,
the reflective film 11 having openings 11a 1s formed by a
photolithographic method.

Next, after a material for the reflective blue color layer 1s
applied by spin coating or the like to the entire surface of the
substrate so as to cover the reflective film 11 and the light
scattering resin layer 81, as shown in FIG. 8(c), this coating
film 1s patterned by a photolithographic method to form the
first peripheral color layer 120 1n the first peripheral region
101 and to form the reflective blue color layers 150B 1n the
pixel region 100 at which the reflective blue color layers are
to be disposed.

Next, after a material for the reflective red color layer 1s
applied by spin coating or the like to the entire surface of the
substrate so as to cover the reflective film 11, the light
scattering resin layer 81, and the color layers 150B and 120,
as shown 1n FIG. 8(d), this coating film 1s patterned by a
photolithographic method to form the reflective red color
layers 150R 1n the pixel region 100 at which the reflective
red color layers are to be disposed.

Next, after a material for the reflective green color layer
1s applied by spin coating or the like to the entire surface of
the substrate so as to cover the reflective film 11, the light
scattering resin layer 81, and the color layers 150B, 150R,
and 120, as shown in FIG. 8(¢), this coating film 1s patterned
by a photolithographic method to form the reflective green
color layers 150G in the pixel region 100 at which the
reflective green color layers are to be disposed.

Next, after a material for the non-reflective blue color
layer 1s applied by spin coating or the like to the entire
surface of the substrate so as to cover the reflective film 11,
the light scattering resin layer 81, and the color layers 150B,
150R, 150G, and 120, as shown in FIG. 9(a), this coating
f1lm 1s patterned by a photolithographic method to form the
non-reflective blue color layers 160B 1n the pixel region 100
at which the non-reflective blue color layers are to be
disposed and to form the second peripheral blue color layer
140B 1n the second peripheral region 102 at which the
laminate film 1s to be disposed.

Next, after a material for the non-reflective red color layer
1s applied by spin coating or the like to the entire surface of
the substrate so as to cover the reflective film 11, the light
scattering resin layer 81, and the color layers 150B, 150R,
150G, 160B, 140B and 120, as shown in FIG. 9(b), this
coating {ilm 1s patterned by a photolithographic method to
form the non-reflective red color layers 160R in the pixel
region 100 at which the non-reflective red color layers are to
be disposed and to form the second peripheral red color layer
140R 1n the second peripheral region 102 at which the
laminate film 1s to be disposed. The second peripheral red
color layer 140R 1s provided on the second peripheral blue

color layer 140B.

10

15

20

25

30

35

40

45

50

55

60

65

16

Next, after a material for the non-reflective green color
layer 1s applied by spin coating or the like to the entire
surface of the substrate so as to cover the reflective ilm 11,
the light scattering resin layer 81, and the color layers 150B,
150R, 150G, 160B, 160R, 140B, 140R, and 120, as shown
in FIG. 9(c), this coating film is patterned by a photolitho-
graphic method to form the non-reflective green color layers
160G 1n the pixel region 100 at which the non-reflective
oreen color layers are to be disposed and to form the second
peripheral green color layer 140G 1n the second peripheral
region 102 at which the laminate film 1s to be disposed. The
second peripheral green color layer 140G 1s provided on the
second peripheral red color layer 140R. Accordingly, the
laminate film 140 composed of the color layers having
different colors from each other 1s formed.

Subsequently, after a transparent resin material 1s applied
to the color layers by spin coating or the like to form the
overcoat layer 13, an ITO film 1s formed on this overcoat
layer 13 by sputtering or the like and 1s then etched by a
photo-etching method 1nto a desired pattern, thereby form-
ing the second electrodes 14b. Next, by forming the align-
ment film 164, a color filter substrate 25 as shown 1n FIG.
9(d) 1s formed.

The color filter substrate 2b thus formed and the counter
substrate 2a¢ manufactured by a known method are bonded
to each other with a sealing material 3, and liquid crystal 1s
injected between the two substrates, thereby forming a
liquid crystal cell. Subsequently, the retardation films 174
and 17b and polarizers 184 and 18b are disposed, and 1n
addition, the backlight 10 1s also disposed, thereby forming
the liquid crystal device 1.

Second Embodiment

The liquid crystal device of the first embodiment i1s
applied to a transilective type by way of example; however,
it 1s naturally understood that the above liquid crystal device
can be applied to a reflective liquid crystal device.

Next, a reflective liquid crystal device 1001 of a second
embodiment will be described with reference to FIGS. 10 to
12. Compared to the liquid crystal device 1 of the fist
embodiment, in the liquid crystal device 1001 of the second
embodiment, no backlight 1s provided, no openings 11a are
provided 1n the reflective film 11, and the structure of the
color filter film 1s different. Hereinafter, description of the
structure equivalent to that of the first embodiment 1is
omitted, and the points different therefrom will be described.

In addition, FIGS. 10 to 12 correspond to FIGS. 3 to 5 for
the above first embodiment, respectively.

The retlective liquid crystal device 1001 of this embodi-
ment performs display by using only outside light without a
backlight. Hence, the openings 11a formed 1n the reflective
f1lm 11 of the liquid crystal device 1 of the first embodiment
are not necessary. In addition, since the non-reflective color
layers (transmissive color layers) used in the first embodi-
ment are not necessary, reflective color layers 1150 are only
disposed.

The color filter film 1s composed of reflective blue color
layers 1150B as a first color layer, retlective red color layers
1150R as a second color layer, and reflective green color
layers 1150G as a third color layer. The color layers 1150
cach have a stripe pattern along the second electrodes 14b.

In the first peripheral region 101 of the color filter
substrate 2b, a first peripheral blue color layer 1120 having
a picture-frame shape 1s disposed as the first peripheral color
layer, the first peripheral blue color layer 1120 being formed
of the same material and by the same step as those for the
reflective blue color layer 1150B disposed 1n the pixel region
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100. Hence, a step 1s not formed by the difference 1n
thickness of the color layer in the vicinity of the boundary
between the pixel region 100 and the first peripheral region
101. In addition, in this embodiment, the light scattering
resin layer 81 and the reflective film 11 are formed so as to
at least overlap the mner edge portion of the first peripheral
region 101, and the overcoat layer 13 and the alignment film
16b are also formed so as to at least overlap the mner edge
portion of the first peripheral region 101. Hence, 1n the
vicinity of the boundary between the pixel region 100 and
the first peripheral region 101, the film formed on the color
filter substrate 2b becomes continuous, and as a result, the
change in film thickness is decreased. Accordingly, com-
pared to traditional structures, the change 1n cell gap 1n the
vicinity of the boundary between the pixel region 100 and
the first peripheral region 101 can be reduced, and degra-
dation of display quality caused by orientation defect of
liquid crystal can be prevented.

In this embodiment, blue color 1s used as the first periph-
eral color layer, and instead of that, red or green color may
be used; however, blue or red color having superior shading
properties 1s preferably used. In addition, as in the first
embodiment, 1n addition to the first peripheral color layer
provided in the first peripheral region 101, since the metal
film 130 1s formed on the counter substrate 2a correspond-
ingly to the first peripheral region 101, the contrast of the
pixel region can be enhanced, and hence a liquid crystal
device having superior display quality can be obtained.

In the second peripheral region 102 of the color filter
substrate 2b, a laminate film 1140 1n a picture-frame shape
1s provided which 1s composed of three color layers having
different colors from each other, that 1s, a second peripheral
blue color layer 1140B, a second peripheral red color layer
1140R, and a second peripheral green color layer 1140G,
these second peripheral color layers being formed of the
same materials and by the same steps as those for the
reflective blue color layer 1150B, the reflective red color
layer 1150R, and the reflective green color layer 1150G,
respectively, which are disposed 1n the pixel region 100. As
described above, by further forming a shading film of the
laminate film 1140 1n the second peripheral region 102
surrounding the first peripheral region 101, a liquid crystal
device having higher display quality can be obtained.
Related to this, 1n this embodiment, the color layers having
three different colors are used to form the laminate film
1140; however, two color layers having different colors may
be used, and 1n this case, a blue color layer and a red color
layer are preferably used for forming a laminate film 1n order
of higher shading ability.

Next, a method for manufacturing the above liquid crystal
device will be described.

A method for manufacturing the color filter substrate 25

constituting a part of the liquid crystal device 1s first
described with reference to FIG. 13.

As shown in FIG. 13(a), on the first surface 10956 of the
substrate 9b, the light scattering resin layer 81, having a
thickness of 1.4 to 2.6 um and being formed of an acrylic or
epoxXy resin material, 1s formed 1n a region which corre-
sponds to the pixel region 100 and a part of the first
peripheral region 101. Although being formed on a surface
of the light scattering resin layer 81, the 1rregularities thereot
are omitted 1n the figure.

Next, as shown in FIG. 13(b), after an Al film is formed
on the light scattering resin layer 81 by sputtering or the like,
the reflective film 11 i1s formed by a photolithographic
method.
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Next, after a material for the reflective blue color layer 1s
applied by spin coating or the like to the entire surface of the
substrate so as to cover the reflective film 11 and the light
scattering resin layer 81, as shown in FIG. 13(¢), this coating
f1lm 1s patterned by a photolithographic method to form the
reflective blue color layers 1150B 1n the pixel region 100 at
which the reflective blue color layers are to be disposed, the
first peripheral color layer 1120 1n the first peripheral region
101, and the second peripheral color layer 1140B 1n the
second peripheral region 102.

Next, after a material for the reflective red color layer 1s
applied by spin coating or the like to the entire surface of the
substrate so as to cover the reflective film 11, the light
scattering resin layer 81, the color layers 1150B, 1140B, and
1120, as shown in FIG. 13(d), this coating film is patterned
by a photolithographic method to form the second peripheral
color layer 1140R 1n the second peripheral region 102 and to
form the reflective red color layers 1150R 1n the pixel region
100 at which the reflective red color layers are to be
disposed.

Next, after a material for the reflective green color layer
1s applied by spin coating or the like to the entire surface of
the substrate so as to cover the reflective film 11, the light
scattering resin layer 81, the color layers 11508, 1150R,
1140B, 1140R, and 1120, as shown in FIG. 13(d), this
coating film 1s patterned by a photolithographic method to
form the second peripheral color layer 1140G 1n the second
peripheral region 102 and to form the reflective green color
layers 1150G 1n the pixel region 100 1n which the reflective
ogreen color layers are to be disposed.

Subsequently, after a transparent resin material 1s applied
to the color layers by spin coating or the like to form the
overcoat layer 13, an ITO film 1s formed on this overcoat
layer 13 by sputtering or the like and 1s then etched by a
photo-etching method into a desired pattern, thereby form-
ing the second electrodes 14b. Next, by forming the align-
ment film 164, a color filter substrate 25 as shown 1n FIG.
13(e) 1s formed.

The color filter substrate 2b thus formed and the counter
substrate 2a¢ manufactured by a known method are bonded
to each other with the sealing material, and liquid crystal is
injected between the two substrates, thereby forming a
liquid crystal cell. Subsequently, the retardation films 174
and 17b and polarizers 184 and 18b are disposed, thereby
forming the liquid crystal device 1001.

Third Embodiment

FIG. 14 shows a mobile personal computer according to
onc embodiment of an electronic apparatus of the present
invention. A personal computer S0 shown 1n this figure 1s
formed of a main body 52 including a keyboard 51 and a
liquid crystal display unit 53. The liquid crystal display unit
53 has an outer frame, which functions as a housing portion,
incorporating a liquid crystal device 54 therein, and this
liquid crystal device 54 may be formed, for example, of the
liquid crystal device 1 described in the first embodiment.

Fourth Embodiment

FIG. 15 shows a mobile phone according to another
embodiment of an electronic apparatus of the present inven-
fion. In addition to a plurality of operation buttons 61, a
mobile phone 60 shown 1n this figure has an outer frame,
which has an earpiece 62 and mouthpiece 63 and which 1s
used as a housing portion, incorporating a display device 64
therein. This liquid crystal device 64 may be formed, for
example, of the liquid crystal device 1 described 1n the first
embodiment or the liquid crystal device 1001 described in
the second embodiment.
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Fifth Embodiment

FIG. 16 shows a digital still camera according to still
another embodiment of an electronic apparatus of the
present mvention. Although general cameras expose films
by light images of objects, a digital still camera 70 generates
an 1mage signal by photoelectric conversion of a light image
of an object using an imaging device such as a CCD (Charge
Coupled Device).

On the rear surface of a case 71 used as a housing of the
digital st1ll camera 70, a liquid crystal device 74 1s provided,
and display 1s performed 1n accordance with 1mage signals
supplied by the CCD. Accordingly, the liquid crystal device
74 serves as a viewlinder for displaying an object. In
addition, at the front surface side (rear surface side of the
structure shown 1n FIG. 14) of the case 71, a light-receiving
unit 72 including optical lenses, the CCD, and the like 1s
provided. The liquid crystal device 74 may be formed, for
example, of the liquid crystal device 1 described in the first
embodiment or the liquid crystal device 1001 described 1n
the second embodiment. A picture taker recognizes an object
image displayed in the display device 74 and then presses a
shutter button 73, thereby taking a picture.

FIG. 17 shows one embodiment of an electrical control
system for use 1n the electronic apparatuses shown 1n FIGS.
14 to 16. The electrical control system shown 1n this figure
includes a display information output source 90, a display
information processing circuit 91, a power supply circuit 92,
a timing generator 93, and a liquid crystal device 94 func-
tioning as a display device. In addition, the liquid crystal
device 94 comprises a liquid crystal panel 95 and a drive
circuit 96. The liquid crystal device 94 may be formed, for
example, of the liquid crystal device 1 described in the first
embodiment or the liquid crystal device 1001 described 1n
the second embodiment.

The display information output source 90 includes a
memory such as a ROM or RAM, storage units such as
various disks, a tuned circuit which tunes and outputs digital
image signals, and the like, and supplies display information
such as 1mage signals having a predetermined format to the
display information processing circuit 91 in accordance with
various clock signals generated by the timing generator 93.

The display information processing circuit 91 includes
known various circuits, such as a serial-to-parallel conver-
sion circuit, an amplifying/polarity reversing circuit, a rota-
fion circuit, a gamma correction circuit, and a clamp circuit,
processes mnput display information, and supplies 1mage
signals thereof to the drive circuit 96 together with clock
signal CLK. The drive circuit 96 includes a scanning line
drive circuit, a data line drive circuit, an mspection circuit,
and the like. In addition, the power supply circuit 92 supplies
predetermined voltages to respective constituent elements.

Other Embodiments

Heretofore, the present mvention 1s described with refer-
ence to the preferred embodiments; however, the present
invention 1s not limited to the above embodiments and may
be modified without departing from the spirit and the scope
of the present 1nvention.

For example, 1n the first and the second embodiments, the
present 1nvention 1s applied to the active matrix liquid
crystal device using TFDs elements as a switching element;
however, 1n addition to that, the present invention may be
applied to an active matrix liquid crystal device using
three-terminal switching elements, such as a TFT, as a
switching element or to a passive matrix liquid crystal
device using no active elements. In addition, the electrooptic
device of the present invention 1s not only applied to liquid
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crystal devices but 1s also applied to electrooptic devices
such as electroluminescent devices, organic electrolumines-
cent devices, morganic electroluminescent devices, plasma
display devices, field emission display devices, and electro-
phoretic display devices.

As the electronic apparatuses of the present invention, 1n
addition to personal computers, mobile phones, and digital
still cameras, for example, there may be mentioned liquid
crystal televisions, viewfinder or direct monitoring video
tape recorders, car navigation devices, pagers, electronic
notebooks, electronic calculators, word processors, work-
stations, television phones, and POS terminals. As the dis-
play portions of the various electronic apparatuses described
above, the liquid crystal device of the present invention may
be used.

The entire disclosure of Japanese patent application No.
2002-063852 filed Mar. 8, 2002 1s hereby incorporated by

reference.

What 1s claimed 1s:
1. A color filter substrate comprising:

a substrate comprising a pixel region and a first peripheral
region surrounding the pixel region on a first surface of
the substrate;

a plurality of pixel region color layers disposed on the first
surface of the substrate 1n the pixel region; and

a peripheral color layer disposed in the first peripheral
region, sald peripheral color layer being composed of
the same material as one pixel region color layer, the
peripheral color layer having a single layer structure;

wherein the substrate further comprises a second periph-
eral region surrounding the first peripheral region, said

second peripheral region including a laminate film
which 1s formed of the same materials as the materials

used for at least two of the pixel region color layers.

2. A color filter substrate according to claim 1 wherein the

height of the laminate film from the first surface 1s lower

than the height of said plurality of pixel region color layers.

3. A color filter substrate according to claim 2, further
comprising a reflective film disposed in the pixel region.

4. A color filter substrate according to claim 3, further
comprising a light scattering resin layer disposed 1n the pixel
region, and wherein the reflective film 1s provided on the
light scattering resin layer.

5. A color filter substrate according to claim 4, further
comprising a plurality of pixels 1n the pixel region, wherein
the pixels each have reflective regions on which the retlec-
tive film 1s disposed and non-reflective regions on which the
reflective film 1s not disposed.

6. A color filter substrate according to claim 5, wherein the
reflective regions are each disposed so as to surround the
non-reflective regions.

7. A color filter substrate according to claim 6, wherein the
thicknesses of the color layers disposed 1n the reflective
regions are different from those of the color layers disposed
in the non-retflective regions.

8. A color filter substrate according to claim 7, wherein
said peripheral region color layer 1s composed of the same
material as that for one color layer of said color layers
disposed 1n the reflective regions.

9. Acolor filter substrate according to claim 7, wherein the
laminate film 1s composed of the same materials as those
materials used for at least two color layers of said color
layers disposed 1n the non-reflective regions.

10. A color filter substrate according to claim 9, wherein
the peripheral region color layer i1s blue in color.
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11. An electrooptic device comprising;

a color filter substrate including:

a substrate having a pixel region and a first peripheral
region surrounding the pixel region on a first surface of
the substrate;

a plurality of pixel region color layers disposed on the first
surface of the substrate 1n the pixel region;

a peripheral region color layer which 1s disposed 1n the
first peripheral region and which 1s composed of the
same material as one pixel region color layer;

a counter substrate disposed to oppose the color filter
substrate;

an electrooptic material provided between the color filter
substrate and the counter substrate; and

10
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a metal film on the counter substrate so as to correspond

to the first peripheral region of the color filter substrate.

12. An electrooptic device according to claim 11, wherein
the metal film comprises tantalum.

13. An electrooptic device according to claim 12, further
comprising a backlight which emits light to the color filter
substrate and the counter substrate with the electrooptic
material provided therebetween.

14. An electrooptic device according to claim 13, wherein
the electrooptic material comprises liquid crystal.

15. An electrooptic device according to claim 14 which 1s
incorporated 1nto electronic apparatus.
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